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Background: The relevance of nicotine 
yields from machine-smoked cigarettes 
for quantifying smokers’ nicotine in¬ 
takes and exposure to cigarette toxins 
has been called into question. However, 
most studies of the relationship be¬ 
tween nicotine yield and nicotine intake 
have been on relatively small and un¬ 
representative samples and have in¬ 
cluded few smokers of “ultra-low” 
brands (i.e., those yielding around 1 mg 
of tar and 0.1 mg of nicotine). Methods: 
We examined the relationship between 
salivary cotinine (a major metabolite of 
nicotine) concentrations and nicotine 
yields of machine-smoked cigarettes in 
a nationally representative sample of 
2031 adult smokers of manufactured 
cigarettes surveyed in the 1998 Health 
Survey for England. We used standard 
linear regression techniques to examine 
associations and two-sided tests of sta¬ 
tistical significance. Results: Cotinine 
concentrations varied widely between 
smokers at any level of nominal brand 
nicotine yield. On average, cotinine lev¬ 
els were slightly lower in smokers of 
lower nicotine-yielding brands, but 
these smokers differed In terms of sex, 
socioeconomic profile, and cigarette 
consumption. After we controlled for 
potential confounders, nicotine yield 
from the brand smoked accounted for 
only 0.79% of the variation in saliva 
cotinine concentrations. Nicotine intake 
per cigarette smoked, as estimated 
from salivary cotinine level, did not 
correspond with machine-smoked 
yields at any level of nicotine yield. 
Nicotine intake per cigarette was about 
eight times greater than machine- 
smoked yields at the lowest deliveries 
(1.17 mg estimated nicotine intake per 
cigarette from brands averaging 0.14- 
mg delivery from machine smoking) 
and 1.4 times greater for the highest 


r 


■ yield cigarettes (1.31-mg estimated 
nicotine intake per cigarette from 
brands averaging 0.91 mg from ma- 
chine smoking). Conclusions: Smokers’ 
^ tendency to regulate nicotine intake vi¬ 
tiates potential health gains from lower 
tar and nicotine cigarettes. Current ap¬ 
proaches to characterizing tar and 
nicotine yields of cigarettes provide a 
simplistic guide to smokers’ exposure 
that is misleading to consumers and 
regulators alike and should be aban¬ 
doned. [J Natl Cancer lust 2001 ;93: 
134-8] 


Tar and nicotine yields of machine- 
smoked cigarettes have been declining for 
many years. In the U.K., the so-called “tar 
reduction programme” (1) was initiated in 
the early 1970s through voluntary agree¬ 
ments between government and the to¬ 
bacco industry when tar yields were 
around 20 mg per cigarette. More re¬ 
cently, a limit of 12 mg per cigarette to be 
. achieved by 1997 was set by European 
Union directive (2). Sales-weighted tar 
yields now stand at around 10 mg and 
nicotine yields at 0.85 mg. Whether low- 
yield cigarettes offer any real benefits has 
come under challenge, with concerns that 
the numbers are misleading and that they 
may offer reassurance to health-aware 
smokers and hence deter them from quit¬ 
ting altogether (3-6). Studies of smokers 
using their own preferred cigarette brand 
(own brand) (7-13) have found little re¬ 
lation between nicotine yields and nico¬ 
tine intake, pointing to the overriding im¬ 
portance of smokers’ tendency to regulate 
Jheir nicotine intake by modulating puff¬ 
ing and inhalation in response to varia¬ 
tions in yield. However, some commen-j 
tators (14,15) have suggested that| 
compensation may' be roughly half way 
between complete and absent, implying 
some public health gain from .lowering 
yields. 1 “ 

Studies of the relation between brand 
yield and smoke intake (16-18) have fre¬ 
quently been on small and unrepresenta¬ 
tive samples and have included few 
smokers of “ultra-low” brands (i.e., those 
yielding around 1 mg of tar and 0.1 mg of 
nicotine). Many of these studies were 
conducted in the 1980s at a time when 
yields were considerably higher than now 
(7-11). We report on a large and repre¬ 
sentative sample of smokers surveyed in 
1998 and examine the relation between 
nicotine yield of self-selected cigarette 
brands and nicotine intake as indexed by 


saliva cotinine. concentrations. Cotinine is 
a major metabolite of nicotine and is con¬ 
sidered to be a valid measure of n icotine 
int ake (19 -21). Since the half-life of co¬ 
tinine is 16-20 hours, a spot sample pro¬ 
vides a good measure of nicotine intake 
over the previous 2 or 3 days (19). 

Subjects and Methods 

The Health Survey for England is an annual sur¬ 
vey designed to generate a representative sample of 
the population living in private households In En¬ 
gland. With the use of the Postcode Address File as 
the Sampling frame, a stratified r andom sample of 
households is identified. Adults and up to two chil¬ 
dren in eligible households are interviewed, and then h' 
a nltrse visits to take biologic measures (including 
bl ood p ress ure and b loo d and saliva specimens). In ^ 
f998, a Sample of 12446 households was identified,-' 
containing _ 23 085 eligible respondents; 74% of the 
households approached cooperated with the survey 
interview, and in 62% all eligible persons were in¬ 
terviewed and agreed to the nurse's visit.'Smoking 
habits were ascertained at the interview, and saliva 
samples were collected by the nurse for determining 
cotinine levels, usually about a week after the inter¬ 
view. In 1998, of the total of 17 240 adults in coop¬ 
erating households, 15 908 (92%) were interviewed, 

13 586 (79%) saw a nurse, and 13 240 (77%) gave a 
saliva sample. The survey methodology has been 
fully described previously (22). Participants in the 
survey provided informed consent to the inter¬ 
viewer, and ethical approval was obtained from all 
local research ethics committees in the U.K. 

Smoking habits. Smoking habits were ascer¬ 
tained by individual interview with the use of a com¬ 
puter-aided schedule. Those aged 16-17 years (and 
some aged 18-19 years) were given a self¬ 
completion booklet to ensure greater confidentiality. 
Current cigarette smokers responded “yes” to the 
question “Do you smoke cigarettes at all nowa¬ 
days?” and included those who subsequently re¬ 
ported smoking fewer than one cigarette per day. 
Smokers of filter or plain (but not own-rolled) ciga¬ 
rettes were asked which brand of cigarette they usu¬ 
ally smoked. The interviewer checked the brand 
named against a list of brands currently available in 
the U.K. At the nurse's visit, a further question about 

smoking was asked: “Can I ask, do you smoke cjga-_ 

rettes r cigars, or a p ipe at all these days?” Only those 
reporting smoking cigarettes at both the initial inter¬ 
view and the nurse’s visit were included as current 
cigarette smokers in our analyses. . ^ 
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Saliva sample. The nurse attempted to collect a 
saliva sample from all adults by asking them to keep 
a dental roil in their mouths until it was saturated 
and then to replace it in the sample tube. 

Tar, nicotine, and carbon monoxide yields of 
different cigarette brands. Yields of tar, nicotine, 
and carbon monoxide from machine-smoked ciga¬ 
rettes were supplied by the Laboratory of the Gov¬ 
ernment Chemist, Teddtngton, U.K., and were de¬ 
rived with the use of standard International 
Standards Organisation methodology (23-25) from 
samples of cigarettes purchased over the period 
January 1998 through December 1998 (Laboratory 
of the Government Chemist survey 42). Yields were 
determined with the use of a Filtrona 20 channel 
linear smoking machine model SM400. The meth¬ 
odology was essentially the same os that specified 
by the U,S, Federal Trade Commission protocol (3), 
with a minor difference in the way butt lengths are 
calculated. When a respondent reported smoking a 
brand that had been available in 1997 but was no 
longer on sale in 1998, the yields from survey 41 
(January 1997 through December 1997) were used 
instead. 

Cotinine assay* Cotinine was assayed by a 
widely applied gas chromatographic method (26). 
Regular internal quality controls were run to ensure 
comparability and reliability of results over time 
(27). 

Statistical analysis. The association between 
nicotine yield from brand-named cigarettes from 
machine smoking and saliva cotinine concentrations 
was examined with the use of standard linear regres¬ 
sion techniques. In multiple regression analyses, po¬ 
tential confounders (age, sex, body mass index, ed¬ 
ucational qualifications, occupational class, 
unemployment, car ownership, and housing tenure) 
were forced into the model, and the increment in 
variance explained by entering brand nicotine yield 
was then examined. All statistical tests were two- 
sided. 

Results 

Cigarette smoking prevalence at inter¬ 
view was 28.3% in men and 27.0% in 
women. The great majority of female 
smokers (93%) smoked manufactured 
cigarettes, but 26% of men who smoked 
reported that they smoked own-rolled 
cigarettes, for which machine-smoked 
yields are not available. 

Of the total of 3678 self-reported cur¬ 
rent cigarette smokers at initial interview 
who participated in the nurse’s visit,'3496 
(95%) confirmed to the nurse that they 
were still smoking cigarettes. We here re¬ 
port on 2031 respondents who reported 
smoking a manufactured cigarette brand 
with known yields and for whom a mea¬ 
sured cotinine concentration was avail¬ 
able. Of these, 868 (42.7%) were men and 
1163 (57.3%) were women. Losses to the 
sample were due to smoking own-rolled 
cigarettes (n - 542), inadequate saliva 
volume (n = 685), and missing data on 
type of cigarette smoked, brand smoked. 


or brand yield (n = 238). “Respondents 
'With inadequate saliva volume were sig- 
"nificantly older and were more likely to 
“be female, but they did not differ in term.T 
;of brand tar and nicotine yields, cigarette 
consumption, or socioeconomic status.' 
The preponderance of women in the final 
sample is mainly due to the higher pro¬ 
portion of smokers of own-rolled ciga“ 
rettes among men. The mean time be¬ 
tween the initial interview and the nurse’s 
visit was 8 days, and 75% of the respon¬ 
dents were seen within 2 weeks. 

As shown in Table 1, smokers dis¬ 
played a preference for higher nicotine- 
yielding brands; 59.8% smoked a brand 
yielding more than 0.75 mg of nicotine, 
35.2% smoked a brand yielding between 
0.4 and 0.75 mg of nicotine, and only 5% 
smoked a brand yielding less than 0.4 mg 
of nicotine.'Smokers of higher and lower 
nicotine-yielding brands differed in sev¬ 
eral respects. Smokers of lower nicotine- 
yielding brands tended to be older and 
were more likely to be female. They were 
better educated, were less likely to live in 
rented housing or to have a manual occu¬ 
pation, and were more likely to own a car. 
They were also somewhat lighter smok¬ 
ers. as shown by the mean daily cigarette 
consumption and by the proportion who 
smoked fewer than five cigarettes per day. 

The association between nominal 
brand nicotine yield (measured in milli¬ 
grams per cigarette) and cotinine concen¬ 
tration (measured in nanograms per mil¬ 
liliter of saliva) is illustrated in Fig. 1. At 
any given yield, there was a wide varia¬ 
tion in cotinine concentrations between 
subjects. This was so whether subjects 
were smoking brands with low or high 
nicotine yields and shows that, at any 


level of nominal yield, smokers could, 
and did, achieve very high nicotine in¬ 
takes. Overall, there was a small but sta¬ 
tistically significant correlation between 
brand nicotine yield and cotinine (r — 
.19; P<.001), with nicotine yield account¬ 
ing for some 3% of the variance in coti¬ 
nine concentrations. The linear regression 
coefficients based on all 2031 subjects 
were as follows; cotinine = intercept 
173.5 + 138.7 (95% confidence interval 
[Cl] = 106.8 to 170.6) nicotine yield. 

Since smokers of cigarette brands with 
lower nicotine yields differed from those 
choosing cigarettes with higher nicotine 
yields in terms of both demographics and 
cigarette consumption, we controlled for 
these potential confounders in multiple 
regression analyses. We also included a 
term for body mass index (BM1) in these 
analyses, since, at any given level of ciga- 
rette consumption, higher BMI was asso- 
- dated with lower cotinine concentrations. ” 
We conducted these analyses in all sub¬ 
jects combined and also in groups strati¬ 
fied by level of cigarette consumption 
(Table 2). After we controlled for poten¬ 
tial confounders, the slope relating nico¬ 
tine yield and cotinine concentrations 
among all smokers combined was shal¬ 
lower (slope = 71.0; 95% Cl = 41.3 to 
100.6) Jnit rema ined statistically signifi¬ 
cant. At each Stratum of cigarette con 
sumption considered individually, the 
slope either failed to reach statistical sig¬ 
nificance or was only marginally signifi- - 
cant. After we controlled for confounders, 
the incremental proportion of variance ex¬ 
plained by nominal brand nicotine yfeld 
overall was 0.79%. Since relatively few 
subjects smoked brands yielding less than 
0.4 mg of nicotine, we reanalyzed the re- 


Table 1. Characteristics of smokers choosing cigarette brands with different nominal nictoine yields as 
determined by machine smoking 


Characteristic 


Nicotine yield, mg/eigarette 


0 to <0.4 
<n = 101) 

0.4 to 0.75 
<n = 715) 

&0.76 
(n = 1215) 

Mean nicotine yield, mg 

0.14 

0.57 

0.91 ~ 

Mean tar yield, mg 

1.38 

6.68 

11.53 “ 

Mean carbon monoxide yield, mg 

1.60 

7.48 

13.14 

Mean daily cigarette consumption. No. 

13.5 

13.3 . _ _ 

45.5_ 

% smoking <5 cigarettes/day 

17.8 

16.5 

:,-SL\ 

Sex, % male 

31 

34 

—49 

Mean age, y 

44.8 

40.7 

- 39TSL 

% with degree level education 

» 16 

13 

_-5. 

% with no educational qualifications 

26 

28 

347 

% unemployed 

2 

5 


% manual occupation 

41 

52 

■= 65“ “ 

% rented accommodation 

22 

36 

T4T7 

% with no car ownership 

17 

20 

717 
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Fig. I. Scatterplot relating cigarette nicotine yields and saliva cotinine concentrations in 2031 smokers 
participating in the 1998 Health Survey of England. Cotinine = 173.5 + 138.7 (nicotine yield); r — .19; F 
- .034. 


lationship between nicotine yield and co¬ 
tinine concentrations, limiting our consid¬ 
eration to smokers of a brand yielding 
0.45 mg of nicotine or more. The regres¬ 
sion coefficients adjusted for potential 
confounders were not substantially 
changed (cotinine — intercept 148.5 + 
87.7 [95% Cl = 49.9 to 125.5] nicotine 
yield, as compared with intercept 164.1 + 
71 [95% Cl = 41.4 to 100.6] nicotine 
yield). 

Benowitz and Jacob (19) have demon¬ 
strated that daily nicotine intake can be 
estimated from cotinine concentrations on 
the basis that every 100 ng/mL plasma 
cotinine at steady state represents a daily 
intake of 8 mg of nicotine. Since saliva 
cotinine concentrations are some 20% 
higher than in plasma (28), 100 ng/mL 
cotinine in saliva represents a daily intake 
of about 6.7 mg of nicotine. We used this 


approximate equivalence to estimate daily 
intake of nicotine and nicotine intake per 
cigarette smoked by nominal brand nico- 
tine_yield (Table 3). For brands yielding 
about 0.1 mg of nicotine on machine 
smoking, the estimated intake per ciga¬ 
rette smoked was 1.07 mg, some 10 times 
higher. However, because of the small 
numbers smoking these brands, this esti¬ 
mate is subject to considerable impreci¬ 
sion. From brands with nominal yields of 
1 mg, smokers were estimated to take in 
about 1.4 mg of nicotine per cigarette— 
still much higher than the level suggested 
by the numbers. There was only a very 
slight tendency for smokers of higher 
nicotine-yielding brands to have higher 
intakes from each cigarette smoked. Esti¬ 
mated nicotine intake per cigarette was 
1.17 mg in smokers of brands yielding 
less than 0.4 mg of nicotine (average yield 


= 0.14 mg), 1.22 mg from brands yield¬ 
ing between 0.4 mg and less than 0.8 mg 
(average yield — 0.57 mg), and 1.31 mg 
from brands yielding 0.8 or more (average 
yield = 0.91 mg). 

Discussion 

Our results confirm that machine- 
smoked nicotine yields of cigarettes are 
poor predictors of nicotine intake in 
smokers. Since tar and nicotine deliveries 
are highly correlated, this indicates that 
there is little difference, on average, be¬ 
tween tar exposure in smokers of low and 
high nicotine-yielding brands and once 
more calls into question the magnitude of 
the potential reduction in health risk ob¬ 
tained by smoking low tar and nicotine 
brands. With the exception of the Scottish 
Heart Health Study (12), to our knowl¬ 
edge, our study is the largest reported, and 
the nationally representative sampling 
frame and good response rate facilitate 
generalization to the whole population of 
smokers of manufactured cigarettes in 
England. The observed prevalences of 
cigarette smoking in men and women 
(28.7% and 27%, respectively) were close 
to estimates for England from the 1998 
General Household Survey (28% and 
26%, respectively), confirming the repre¬ 
sentative nature of the sample (29,30). 
We found that, at any given level of nico¬ 
tine yield, there was wide variation in co- 
fihine'concentfafibhs between individuals 
in the observed level of saliva cotinine. 
This remained the case after adjustment 
for cigarette consumption. The factors in¬ 
fluencing preferred level of nicotine in¬ 
take are not well understood, although 
both socioeconomic circumstances 
(31,32) and genetic variation in nicotine 
metabolism (33) may play a part. Within 
individuals, there appears to be a reason¬ 
ably stable level of nicotine intake over 


Table 2. Linear regression coefficients relating brand name cigarette nicotine yield (by machine smoking) and saliva cotinine-. univariate 
analysis and multivariate analysis after controlling for potential confounders 


Cigarette consumption. 
No. per day 




Univariate 




Adjusted for potential confounders* 


No. of 
subjects 

Intercept 

Slope 

95% confidence 
interval 

% variance 
explained 

pi 

No. of 
subjects 

Intercept 

Slope 

95% confidence 
interval 

% variance 
explained 

pi 

0-7 

459 

32.6 

88.6 

17.7 to 120.9 

1.4 

.01 

428 

32.6 

32.0 

-18.3 to 82.4 

0.01 

.21 

8-12 

493 

196.4 

73.3 

14.9 to 131.7 

1.1 

.014 

470 

155.0 

44.3 

-12.3 to 100.9 

0.03 

.13 

13-17 

370 

255.7 

76.1 

14.8 to 137.4 

1.4 

.016 

345 

209.6 

69.8 

4.7 to 134.8 

0.10 

.04 

18-22 

471 

304.8 

68.3 

-2.0 to 138.5 

0.6 

.06 

436 

389.8 

67.7 

-2.1 to 137.5 

0.06 

.06 

323 

238 

300.4 

118.2 

20.9 to 215.5 

2.2 

.02 

212 

432.3 

122.8 

21.7 to 223.9 

2.1 

.02 

All 

2031 

177.7 

132.4 

99.3 to 165.5 

3.1 

.000 

189! 

164.1 

71.0 

41.3 to 100.6 

0.79 

.000 


^Adjusted for cigarettes smoked per day within consumption category, age, sex, body mass index, car ownership, housing tenure, unemployment, occupational 
class, and educational qualifications. The numbers of smokers in the multivariate analysis are lower because of missing data on potential confounders. 
fTwo-sided. 
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Table 3. Estimated daily nicotine intake and intake per cigarette smoked by nominal brand nicotine yield 







Nominal brand nicotine yield, mg 






0.0 to <0.1 

0.1 to <0.2 

0.2 to <0.4 

0.4 to <0-5 

0.5 to <0.6 

0.6 to <0.7 

0.7 to <0.8 

0.8 to <0.9 

0.9 to <1.0 

>1.0 

All 

No. of respondents 

20 

59 

22 

306 

in 

178 

175 

520 

45) 

189 

2031 

Mean saliva cotinine, 
ng/mL 

196.1 

25S.9 

206.1 

220,3 

219.1 

269.6 

283.3 

289.1 

305.6 

336.3 

278.1 

Estimated dajjy nicotine 
intake, mg 

13.1 

17.3 

13.8 

14.8 

14.7 

18.1 

19.0 

19.4 

20.5 

22.5 

18.6 

Mean self-reported daily 
cigarette consumption 

12.3 

13.6 

14.3 

11.9 

12.2 

15,4 

14.8 

15.0 

15.8 

16.2 

14.6 

Estimated intake of 
nicotine, mg, per 
cigarette smoked* 

1.07 

1.28 

0.97 “ 

1.24 

1.20 

1.18 

1.28 

1.29 

1.30 

1.39 

1.28 


^Numbers are rounded where needed. 



time (4), and it would appear that smok¬ 
ers’ nicotine preferences are the most im- ' 
portant factor determining how cigarettes 
are puffed and inhaled (4). Low-tar ciga¬ 
rettes are not made from low-nicotine- 
yield tobacco, and indeed the total nico¬ 
tine content of the tobacco is as high or 
higher than in mainstream brands (34,35). 
Low deliveries are achieved primarily 
through filter ventilation, which dilutes 
the smoke puffed with air by as much as 
„y J '83% (34). Smokers can achieve essen- 
p tially whatever delivery they desire, irre¬ 
spective of nominal machine-smoked de¬ 
livery, through taking larger and more 
frequent puffs and through maneuvers 
such as blocking ventilation holes with 
lips or fingers. However, the effort re¬ 
quired to puff the necessary volume of 
smoke increases markedly as machine-' - 
smoked yields decrease and may become 
quite aversive (36). This may explain why 
so few smokers choose to smoke brands 
with low nominal deliveries. 

The fact that there was some assocki-, 
tion, a lbeit weak, between brand nicotiney 
yield and saliva cotinine concentrations 
and that this persisted in attenuated form 
after we controlled for cigarette consump¬ 
tion and socioeconomic status could be 
interpreted as implying that there is a real 
population benefit to be obtained from 
shifting to lower deliveries; This interpre¬ 
tation assumes that some element of the 
observed reduction in intake is causally 
a ttributable to lowered yields. While this 
is a possibility that cannot be unequivo¬ 
cally rejected from our data, we would 
regard it as unlikely. Smokers are not ran¬ 
domly assigned to brand but self-select on 
the basis of a number of factors. These 
factors include cost, brand image, socio¬ 
economic status, and level of nicotine de¬ 
pendence. The last of these is of particular 
importance. We "controlled for cigarette 


consumption as a proxy for nicotine de¬ 
pendence and found a flattening of the 
slope relating brand yield and nicotine in¬ 
take. But Cigarette consumption is a weak 
indicator of nicotine dependence, and 
more adequate adjustment might have re¬ 
sulted in further flattening of the slope. 
Our observations indicate that nicotine 
compensation is at least 80% complete, 
but mewbo not rule out the possibility that 
it may be 100%. A definitive answer to 
this question would require a time series 
tracking nicotine intakes in the population 
as machine-smoked yields decline. Such 
data are currently lacking. The largest 
studies of long-term switching are consis¬ 
tent with 100% compensation (37,38). 

We estimated nicotine intake per ciga¬ 
rette smoked and found that at no level of 
nicotine yield did it match machine-__ 
ismoked deliveries. It was some eight 
times greater at the lowest deliveries and 
o ne and a half times greater at the highest. 
These estimates are subject to inaccura¬ 
cies and should only be regarded as ap¬ 
proximate. Although cotinine has a half- 
life of 16-20 hours, there is some diurna l 
variatio n, and a single spot sam ple may 
not fully represent steady state (19). More 
significantly, smokers’ self-reports of 
consumption tend to be inaccurate. Nei- 
ther ol these lactors is likely to be of such 
magnitude as to critically undermine our 
estimates; in particular, there are no rea¬ 
sons to expect them to operate differen¬ 
tially by brand yield. 

We conclude that yields of tar and 
."nicotine from machine-smoked cigarettes 
provide a very poor guide to smokers’ ex¬ 
posure. Nominal nicotine deliveries are 
misleading both at the individual level 
(since intakes vary widely between indi¬ 
viduals at any given yield) and for groups 
(since average nicotine intake per ciga¬ 
rette differs substantially from nominal 


yields at every level of brand yield). If 
lower yield cigarettes confer any benefit, 
it is likely to be through factors such as 
improved tar-to-nicotine ratio rather than 
through the absolute level of machine- 
smoked yields (8). Our findings reinforce 
the emerging consensus that current ap¬ 
proaches to characterizing tar and nico¬ 
tine yields of cigarettes are simplistic and 
misleading to consumers and regulators 
alike and should be abandoned. 
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Table 3. Estimated daily nicotine intake and intake per cigarette smoked by nominal brand nicotine yield 







Nominal brand nicotine yield, mg 






0.0 to <0.1 

0.1 to <0.2 

0.2 to <0.4 

0.4 to <0.5 

0.5 to <0.6 

0.6 to <0.7 

0.7 to <0.8 

0.8 to <0.9 

0.9 to <1.0 

>1.0 

All 

No. of respondents 

20 

59 

22 

306 

in 

178 

175 

520 

451 

189 

2031 

Mean saliva cotinine, 
ng/mL 

196.1 

258.9 

206.1 

220.3 

219.1 

269.6 

283.3 

289.1 

305.6 

336.3 

278.1 

Estimated daily nicotine 
intake, mg 

13.1 

17.3 

13.8 

14.8 

14.7 

18.1 

19.0 

19.4 

20.5 

22.5 

18.6 

Mean self-reported daily 
cigarette consumption 

12.3 

13.6 

14.3 

11.9 

12.2 

15.4 

14.8 

15.0 

15.8 

16.2 

14.6 

Estimated intake of 
nicotine, mg, per 
cigarette smoked* 

1.07 

1.28 

0.97 “ 

1.24 

1.20 

1.18 

1.28 

1.29 

1.30 

1.39 

1.28 


^Numbers are rounded where needed. 



time ( 4), and it would appear that smok¬ 
ers’ nicotine preferences are the most im-' 
portant factor determining how cigarettes 
are puffed and inhaled (4). Low-tar ciga¬ 
rettes are not made from low-nicotine- 
yield tobacco, and indeed the total nico¬ 
tine content of the tobacco is as high or 
higher than in mainstream brands (34,35). 
Low deliveries are achieved primarily 
through filter ventilation, which dilutes 
the smoke puffed with air by as much as 
83% (34). Smokers can achieve essen- 
$ tially whatever delivery they desire, irre¬ 
spective of nominal machine-smoked de¬ 
livery, through taking larger and more 
frequent puffs and through maneuvers 
such as blocking ventilation holes with 
lips or fingers. However, the effort re¬ 
quired to puff the necessary volume of 
smoke increases markedly as machine-' 
smoked yields decrease and may become 
quite aversive (36). This may explain why 
so few smokers choose to smoke brands 
with low nominal deliveries. 

The fact that there was some associaB 
tion, a lbeit weak, between brand nicotine! 
yield and saliva cotinine concentrations 
and that this persisted in attenuated form 
after we controlled for cigarette consump¬ 
tion and socioeconomic status could be 
interpreted as implying that there is a real 
population benefit to be obtained from 
shifting to lower deliveries: This interpre¬ 
tation assumes that some element of the 
observed reduction in intake is causally 
a ttributable to lowered yields. While this 
is a possibility that cannot be unequivo¬ 
cally rejected from our data, we would 
regard it as unlikely. Smokers are not ran¬ 
domly assigned to brand but self-select on 
the basis of a number of factors. These 
factors include cost, brand image, socio¬ 
economic status, and level of nicotine de¬ 
pendence. The last of these is of particular 
importance. We controlled for cigarette 


consumption as a proxy for nicotine de¬ 
pendence and found a flattening of the 
slope relating brand yield and nicotine in¬ 
take. But Cigarette consumption is a weak 
indicator of nicotine dependence; and 
more adequate adjustment might have re¬ 
sulted in further flattening of the slope. 
Our observations indicate that nicotine 
compensation is at least 80% complete, 
but diey)Io not rule out the possibility that 
it may be 100%. A definitive answer to 
this question would require a time series 
tracking nicotine intakes in the population 
as machine-smoked yields decline. Such 
data are currently lacking. The largest 
studies of long-term switching are consis¬ 
tent with 100% compensation (37,38). 

We estimated nicotine intake per ciga¬ 
rette smoked and found that at no level of 
nicotine yield did it match machine-^ 
(smoked deliveries. It was some eight i 
times greater at the lowest deliveries andj 
on e and a half times greater at the highest. 
These estimates are subject to inaccura¬ 
cies and should only be regarded as ap¬ 
proximate. Although cotinine has a half- 
life of 16-20 hours, there is some diurna l 
variatio n, and a s ingle spot sample may 
not fully represent steady state (19). More 
significantly, smokers’ self-reports of 
consumption tend to be inaccurate. Nei¬ 
ther or tnese tactors is likely to be of such 
magnitude as to critically undermine our 
estimates; in particular, there are no rea¬ 
sons to expect them to operate differen¬ 
tially by brand yield. 

We conclude that yields of tar and 
jiicotine from machine-smoked cigarettes 
provide a very poor guide to smokers’ ex-- 
posure. Nominal nicotine deliveries are 
mislea ding both at the individual level 
(since intakes vary widely between indi¬ 
viduals at any given yield) and for groups 
(since average nicotine intake per ciga¬ 
rette differs substantially from nominal 


yields at every level of brand yield). If 
lower yield cigarettes confer any benefit, 
it is likely to be through factors such as 
improved tar-to-nicotine ratio rather than 
through the absolute level of machine- 
smoked yields (8). Our findings reinforce 
the emerging consensus that current ap¬ 
proaches to characterizing tar and nico¬ 
tine yields of cigarettes are simplistic and 
misleading to consumers and regulators 
alike and should be abandoned. 
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